Summary.-This study examines the link between free immunoglobulin (Ig) lightchain (LC) secretion and the developmental stage of the neoplastic B-cell of origin in B-cell lymphomas. The Kiel developmental scheme for lymphoma classification has been used to define the tumour-cell populations. Twenty-four B-cell lymphomas have been studied. In the small -lymphocytic lymphoma group, secreted Ig consisted of LC exclusively or in excess over heavy-chain (HC). Lymphomas of follicularcentre-cell origin, considered to be from cells further along the normal B-cell differentiation pathway, can be divided into centroblasts or centrocytes according to their histological appearance in tissue sections. Centroblastic lymphomas exhibited strong surface IgM or IgG expression, and the secretion of whole Ig was higher than by cells from the small-lymphocytic lymphomas. Synthesis of HC and LC was balanced in these cultures, both intracellularly and in secreted material. The centrocytic lymphomas comprised a functionally more heterogeneous group, the SIg varied in intensity and was of surface IgM, D or G. Likewise Ig synthesis was variable in quantity and composition, some cases secreting LC exclusively while others, including the cases expressing SIgG, secreted balanced HC and LC. In the Kiel classification centrocytes are considered to be more mature than centroblasts. Our data suggest that centrocytic lymphomas are heterogeneous in origin, some preceding and others following centroblasts in the B-cell maturation sequence. These data are discussed in relation to current concepts of B-cell maturation and lymphoma histology.
STUDIES INVESTIGATING the biosynthesis of immunoglobulin (Ig) by cells from B-cell CLL, B-cell lymphomas and leukaemic reticuloendotheliosis Hannam-Harris et al., 1980) The present study has investigated further this correlation between the stage of B-cell development and excess free LC secretion, within the B-cell lymphomas.
The lymphomas comprise a heterogeneous group of neoplasms displaying wide variation in cell morphology, lymph-node histology and prognosis. However, the realization that neoplastic cells in the tumours share properties with normal lymphocytes, and are considered to represent "frozen" stages in normal maturation (Salmon & Seligmann, 1974; Lukes & Collins, 1974) , has promoted classification systems relating ttimours to their cell of origin in a scheme of normal cell development within reactive lymph nodes.
The two most generally used developmental classifications are those of Lennert (1978) and Lukes & Collins (1974) . Each proposes a scheme of normal lymphocyte development within the lymph node, and identifies lymphomas according to the normal counterpart of the predominant tumour-cell type, identified histologically. The schemes differ in terminology and some aspects of direction of transformation of cell types within follicle centres, but share a common conceptual approach to lymphoma classification. The terminology used in this study is that of the Kiel classification (Gerard-Marchant et al., 1974) .
Both Ig synthe,sis. The biosynthetic techniques and subsequent detection and characterization of labelled Ig have been described in detail previously as second antibody. Normal sheep IgG was used as first antibody in control precipitations. The Ig precipitations were washed x 4 in cold PBS containing NP40 and cold leucine before counting for quantitation or preparation for gel analysis. Reduced and alkylated samples were analysed on 7.5% SDSpolyacrylamide-gel electrophoresis (SDS-PAGE) run concurrently with radioactive markers. Gels were sliced, solubilized and counted.
Labelled Ig LC and HC class was determined by precipitation with specific first antibody. The molar ratio of light chain to heavy chain (LC: HC) in labelled Ig was determined from the counts associated with peaks of LC and HC on SDS-PAGE. Free LC synthesis was confirmed by precipitation with antisera against free LC determinants.
RESULTS
The series of cases of B-cell lymphoma were grouped according to histological classification in the Kiel scheme. The results of Ig expression and synthesis by these groups are presented in Tables I  and II. The neoplastic cells from all patients expressed SIg, the intensity ranging from very weak to strong. All cases synthesized and secreted detectable levels of Ig during the 18h culture. The LC specificity, determined by specific precipitation, was of a single class, corresponding to that on the cell-surface membrane. HC class in secreted material, identified by mobility on SDS-PAGE relative to myeloma markers, also corresponded with that on the cell surface, confirmed in two cases (DOR, MAC) by precipitation with class-specific antisera. Hannam-Harris et al., 1980) In all biopsies examined in this study the Leishman staining of slide preparations of extracted cells showed a close relationship between the morphology of the cells in suspension and that identified histologically in sections of the solid tumour. Immunological markers on extracted cells demonstrated monotypic SIg expression and precipitated labelled Ig was of a single LC class, indicating minimal contribution from uninvolved cells to the synthesis patterns observed.
Cells from small-lymphocytic lymphomas had weak staining for SIg of M or M + D classes and, with a single exception (DOR), failed to stain for clg. This pattern of Ig expression is compatible with normal B cells early in development (Salmon & Seligmann, 1974) . In culture, these cells secreted little or no labelled whole Ig, providing additional evidence for a cell of origin early on the B-differentiation pathway. Secreted Ig consisted of LC exclusively or in large excess over HC. LC and HC were more balanced intracellularly, as generally noted in LCsecreting cells (Hannam-Harris et al., 1980) . The exceptional case (DOR) where synthetic imbalance was small, demonstrated small-lymphocytic histology but was atypical in its presentation, with lung involvement and plasmacytoid differentiation.
Lymphomas of follicular-centre-cell origin, which are considered to arise from cells further along the normal B-cell differentiation pathway than small-lymphocytic tumours, were divided into centroblastic and centrocytic groups, according to the predominant cell type identified histologically in tissue sections. Cells from the predominantly centroblastic lymphomas exhibited strong surface expression of IgM or IgG, and clg was demonstrated in two cases. Secretion of whole Ig was higher than that found in the small-lymphocytic lymphomas, and is characteristic of cells further along the differentiation pathway to mature Ig secreting cells. Synthesis of HC and LC was balanced in these cultures both intracellularly and in secreted material. In contrast, the centrocytic lymphomas comprised a functionally more heterogeneous group. Surface Ig expression varied in intensity but was generally stronger than in the small-lymphocytic lymphomas, and was IgG in three cases. Likewise, Ig synthesis was variable in quantity and composition, some cases secreting LC exclusively, whilst others, including the cases expressing SIgG, secreted more balanced HC and LC.
We have attempted to relate these observations to the various schemes for the development of follicular centre cells. Lukes & Collins (1974) propose that small lymphocytes entering the follicle progress through small and large centrocytes to centroblasts, with further maturation to immunoblasts and plasma cells outside the follicle. The B-cell maturation sequence proposed by Lennert (1978) differs significantly in the developmental progression within follicles, and shows centroblasts giving rise to centrocytes. Our finding that some tumours within the centrocyte-predominant group secrete LC exclusively suggests a developmental proximity of some of these tumours to small-lymphocytic lymphomas at an early stage in B-cell maturation. However, other tumours in the centrocytic group showed Ig synthesis patterns indistinguishable from those of the centroblastic group. Furthermore, clg has been demonstrated within reactive and neoplastic centrocytes (Isaacson et al., 1980) . The centrocytepredominant tumours thus appear to be a heterogeneous group, supporting the concept that transformation between centroblasts and centrocytes may occur in more than one direction. In this sense these findings are at variance with both developmental classifications, which show a unidirectional differentiation of centrocytes to centroblasts or vice versa.
Further analysis of the developmental relationship between follicular-centre cells using these techniques is indicated. Bio- synthetic labelling provides complementtary information to the immunoperoxidase staining of sections for the characterization of Ig synthesis and secretion by neoplastic B cells. The biosynthetic evidence from this series of B-cell lymphomas supports the previously demonstrated correlation between free LC secretion and the early stages of B-cell differentiation. It also suggests heterogeneity of the developmental stage of the cell of origin in centrocytic lymphomas, and that at least some of these tumours arise from cells earlier in development than the centroblastic stage. Similar investigations in conjunction with immunoperoxidase staining of tissue sections will be useful for further clarification of these developmental relationships.
